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Int reduction 

There  has  been  a great  deal  of  concern  within  the  Navy  community 
over  the  last  six  years  with  regard  to  the  control  of  manpower  re- 
sources. These  concerns  have  manifested  themselves  in  recent  times  in 
the  form  of  manpower  ceiling  allocations,  the  allocation  and  control  of 
high  grade  positions,  average  grade  constraints,  promotion  restrictions, 
and  hiring  freezes. 

The  implementation  of  some  of  these  manpower  policies  has  created 
some  other  problems.  For  example,  the  control  of  high  grade  positions 
has  resulted  in  the  tremendous  increase  in  the  number  of  mid-level 
positions  in  the  General  Schedule  grades  GS-9  through  (especially 

at  the  GS-12  level).  At  the  present  time,  there  seems  to  ue  major  con- 
cern that  we  must  iocus  upon  the  GS-12  problem  within  the  Navy.  It  has 
been  suggested  that  a possible  solution  would  be  to  attempt  to  control 
promotions  of  employees  at  all  levels  so  that  a build  up  of  employees 
at  certain  levels  is  avoided.  This  would  be  accomplished  in  conjunction 
with  other  personnel  policies  such  as  a more  thorough  position  management 
and  position  classification  system. 

In  an  attempt  to  deal  with  these  problems,  a promotion  policy  model 
(PPM)  has  been  developed.  The  structure  of  the  PPM  is  similar  to  the 
Flexible  Equal  Employment  Model  (FEEO)  developed  by  Charnes,  Cooper, 

Lewis  and  Niehaus  C.  1.7 • A review  of  the  model  structure  is  given  in 
Appendix  A of  this  paper.  In  this  application  all  that  has  been 
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with  the  junior  professionals  in  grades  GS-5,  7,  and  9 split  out  as 
separate  categories.  Two  applications  of  the  PPM  are  presented,  one 
using  the  graded  employees  at  the  Naval  Underwater  Systems  Center  (NUSC) 
and  the  other  using  the  graded  personnel  of  the  Director  of  Laboratory 
Programs  (DLP)  which  consists  of  all  the  Navy  RDT&E,N  laboratories  com- 
manded by  the  Chief  of  Naval  Material. 

The  PPM  is  designed  to  provide  estimates  of  the  numbers  of  people  that 
should  be  hired,  fired,  and  promoted  in  a given  set  of  manpower  categories 
to  meet  a set  of  future  manpower  requirements  (goals)  for  these  categories 
as  closely  as  possible,  subject  to  the  contraints  of  the  manpower  system. 

A cost  is  associated  with  hires,  fires,  goal  deviations,  and  deviations 
from  the  number  of  promotions  based  on  the  historical  promotion  rates  (see 
(1)  for  an  example  of  a model  allowing  for  variable  numbers  of  transfers 
between  manpower  categories).  The  user  specifies  the  relative  cost  of 
these  occurrences;  the  model  is  designed  to  minimize  the  total  cost. 

For  all  of  the  runs,  the  initial  aboard  is  as  of  30  September  1976,  the 
projected  time  periods  are  of  yearly  duration  (and  except  in  one  case  three 
in  number) , and  the  overall  manpower  ceiling  is  set  equal  to  the  sum  of 
the  goals  for  the  corresponding  time  period.  The  cost  per  person  of  ex- 
ceeding a given  goal  is  set  equal  to  the  cost  falling  short  of  that  goal; 
similarly,  the  costs  of  deviations  from  the  historical  promotion  rates  do 
not  depend  on  the  direction  of  the  deviations. 

The  results  of  the  model  runs  for  NUSC  and  DLP  indicate  that  the  man- 
power goals  as  given  cannot  be  met  without  cutting  back  on  promotions.  The 
specific  alternatives  along  with  the  magnitudes  of  the  promotion  reductions 
suggested  by  the  model  runs  are  provided  in  the  body  of  this  paper.  This 


will  be  followed  by  a discussion  of  the  implementation  strategy  for  more 
general  Navy  use. 

NUSC  Application 

The  manpower  categories  used  for  the  NUSC  runs  of  the  PPM  consist  of 
GS  grades  1-17  containing  employees  who  are  not  junior  professionals  (JP's) 
as  well  as  grades  5,  7,  and  9 JP's.  JP’s  who  are  promoted  advance  two 
grades,  while  non- JP's  advance  one  grade.  JP's  and  non-JP's  retain  their 
respective  identities  when  promoted,  except  when  grade  9 JP's  are  promoted 
to  grade  11.  The  historical  promotion  and  separation  rates,  initial 
populations  (aboard),  and  manpower  goals  were  developed  by  the  NUSC.  The 
transition  rates  appear  in  Figure  1,  while  the  initial  aboard  and  goals 
are  contained  in  each  run.  The  first  eight  runs  varied  in  differences  in 
the  costs  assigned  to  various  types  of  action  as  shown  in  Figure  2.  In 
this  first  set  of  runs  goals  were  set  only  for  the  last  period  to  allow 
the  maximum  amount  of  flexibility  in  the  runs. 

The  results  of  the  first  three  runs  (1-3)  are  identical.  In  each 
case,  the  highest  cost  is  assigned  to  fires  and  the  lowest  cost  to  hires. 
Since  goals  are  given  for  only  the  end  of  the  last  time  period,  all  hiring 
and  firing  occurs  in  that  period;  the  reason  is  that,  because  of  the  non- 
zero separation  rates,  the  last  period  is  the  only  one  in  which  hiring 
and  firing  can  remedy  deficiencies  and  excesses  respectively  on  a one-for- 
one  basis.  Since  hires  cost  less  than  deficiencies,  none  of  the  latter 
occur;  similarly,  excesses  are  retained  to  avoid  firing.  The  only  excess 
occurs  in  grade  12.  Some  hiring  and  promotion  deviations  occur  during 
the  last  period. 
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PROMOTION  PLANNING  MODEL 
NAVAL  UNDERWATER  SYSTEMS  CENTER  (NUSC)  EXAMPLE 

PROMOTION  AND  SEPARATION  RATES 

CATEGORY 

PROMOTION  SEPARATION 


TYPE 

GRADE 

RATE 

RATE 

Non-JP 

1 

1.000 

.000 

Non-JP 

2 

.333 

.333 

Non-JP 

3 

.429 

.122 

Non-JP 

4 

.149 

.051 

Non-JP 

5 

.191 

.10 

Non-JP 

6 

.167 

.083 

Non-JP 

7 

.312 

.043 

Non-JP 

8 

.376 

.025 

Non-JP 

9 

.130 

.041 

Non-JP 

10 

.294 

.071 

Non-JP 

11 

.141 

.024 

Non-JP 

12 

.028 

.027 

Non-JP 

13 

.039 

.036 

Non-JP 

14 

.021 

.048 

Non-JP 

15 

.000 

.067 

Non-JP 

16 

.000 

.125 

Non-JP 

17 

.000 

.000 

JP 

5 

.833 

.056 

JP 

7 

.529 

.082 

JP 

9 

.630 

.054 

Figure  1 
4 


PROMOTION  PLANNING  MODEL 
NAVAL  UNDERWATER  SYSTEMS  CENTER  (NUSC)  EXAMPLE 


Figure 


From  the  above , it  is  apparent  that  the  goals  cannot  all  be  met  with- 
out resorting  to  firing  if  the  current  promotion  rates  are  retained.  Run 
4 is  designed  to  study  a policy  in  which  the  current  promotion  rates  are 
retained,  the  goals  are  met,  and  a minimum  number  of  people  are  fired. 

To  do  this,  goal  deviations  and  promotion  deviations  are  assigned  the 
highest  cost,  firing  an  intermediate  cost,  and  hiring  the  lowest  cost. 

It  is  seen  that  this  policy  results  in  a relatively  large  number  of  people 
being  fired  in  some  of  the  middle  grades.  In  periods  1 and  2 there  are 
net  gains  in  some  of  the  categories , even  though  no  hiring  occurs  until 
the  last  period.  The  reason  is  that  the  number  of  people  promoted  into 
some  of  the  grades  exceeds  the  number  leaving  the  respective  grades  due 
to  promotions  and  separations.  Even  increasing  the  number  of  periods  to 
five  (Run  5)  does  not  alleviate  this  problem;  in  fact,  the  number  of 
excesses  in  some  grades  actually  increases.  Run  6 is  similar  to  Run  4, 
except  that  fires  are  assigned  a higher  cost  than  goal  deviations.  In 
this  case,  the  excess  personnel  are  retained  rather  than  fired. 

In  Run  7,  the  cost  of  promotion  deviations  is  set  below  that  of  fires 
and  goal  deviations,  but  still  above  that  of  hires.  In  this  case,  fires 
and  goal  deviations  are  eliminated.  The  price  paid  is  that  promotions 
are  drastically  reduced  in  the  middle  grades;  in  particular,  promotions 


are  frozen  in  grades  11  and  12  for  the  last  period.  Run  8 is  similar  to 
Run  7,  except  that  promotion  deviations  are  assumed  to  be  less  costly 
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In  order  to  bring  the  issues  into  sharper  focus,  an  extensive  number 
of  runs  were  tested  with  goals  for  all  three  periods.  Several  runs  were  made 
to  evaluate  the  inclusion  of  an  average  grade  constraint  into  the  model.  These 
average  grade  runs  showed  the  use  of  such  a device  with  all  the  other  con- 
straints being  imposed  to  be  of  questionable  value  with  the  ceilings  being 
much  more  constraining  factors.  Thus  for  the  remainder  of  the  runs  the 
average  grade  constraint  was  relaxed  so  that  it  no  longer  affected  the  out- 
comes . 

A final  set  of  runs  were  made  to  examine  the  possibilities  of  maintaining 
junior  profe  iring  and  promotions.  Also  included  was  the  assumption  that 

firing  wou ' .e  only  as  a last  resort.  The  relative  priorities  for  these 

runs  are  given  in  Figure  3.  The  results  of  Run  W in  Figure  4 show  that  pro- 
motions are  cut  considerably  with  grade  imbalances  projected  in  low  grades 
(GS  2-3)  and  in  the  GS-12’s  in  Period  1.  Also,  there  is  little  hiring  of  any 
personnel  at  all  in  Period  1 and  little  hiring  of  JP’s  until  Period  3. 

In  Run  X the  policy  was  further  shaped  by  putting  relatively  large 
penalities  on  deviating  from  the  historical  promotion  rate  for  JP's.  The 
results  of  this  run  showed  that  the  grade  imbalances  moved  up  from  the  GS-12's 
up  to  the  higher  grades  with  the  low  grade  imbalances  persisting  to  make  up 
the  difference.  Since  these  results  are  unacceptable,  additional  weights 
were  put  on  promotions  above  the  historical  rate  for  GS-13's  and  above  in 
Run  Y.  This  also  turned  out  to  be  unacceptable  as  the  weights  should  have 
been  placed  down  to  the  GS-12  level  if  the  GS-13  and  above  goals  were  of 
particular  concern. 
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PROMOTION  PLANNING  MODEL 
NAVAL  UNDERWATER  SYSTEMS  CENTER  (NUSC)  EXAMPLE 
RELATIVE  PRIORITIES  (COSTS)  PER  PERSON 


Figure 
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Figure  4 (continued) 
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Figure  4 (continued) 


Using  Runs  W,  X,  and  Y as  trial  runs,  a final  alternative  was  constructed 
to  see  if  all  the  conditions  and  constraints  could  lead  to  an  implement able 
promotion  policy.  In  Run  Z the  high  weights  on  the  promotions  above  the 
historical  rate  for  GS-13's  and  above  were  removed.  In  its  place  are  high 
weights  on  positive  goal  deviations  for  GS-13’s  and  above  which  is  the  real 
control  that  was  desired.  The  weights  on  the  JP  promotions  were  continued  so 
as  to  give  a high  priority  to  keeping  the  promotions  at  the  historical  rates. 

As  shown  in  Figure  5,  this  increased  the  goal  imbalances  at  GS-12's  and  at 
GS-2  and  GS-3.  Hiring  of  JP's  was  restricted  in  Period  1 but  indicated  at 
good  levels  in  Period  2 and  3. 

This  last  series  of  runs  showed  that  the  GS  population  was  so  highly  over- 
constrained that  almost  any  policy  results  in  undesirable  side  effects.  The 
model  works  quite  well  with  the  needed  action  in  the  policy  decisions  in- 
volving the  external  constraints.  Since  at  this  writing  these  decisions  are 
under  discussion,  no  further  comments  will  be  made  on  the  model  runs  at  NUSC. 

DLP  Application 

Having  gained  experience  in  running  the  PPM  for  the  NUSC,  it  was  considered 
worthwhile  to  construct  a similar  model  for  the  workforce  of  the  Navy  labs  as 
a whole.  With  a larger  population  with  which  to  work,  a more  detailed  man- 
power categorization  becomes  possible. 

The  manpower  categories  for  the  Director  of  Laboratory  Programs  (DLP) 
runs  are  specified  by  grade  and  major  GS  occupation  group  of  the  Computer 
Assisted  Manpower  Analysis  System  (CAMAS)  developed  and  supported  by  the  Navy's 
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Figure  5 (continued) 
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Office  of  Civilian  Personnel.  The  six  occupation  groups  are:  scientists  and 
engineers,  other  professionals,  administrative,  technicians,  clerical,  and 
other  GS.  The  model  was  run  at  the  occupation-grade  level  of  detail.  The 
results  were  then  aggregated  to  reports  by  grade  alone  for  overall  evaluation. 

The  initial  aboard  and  historical  transition  rates  are  based  upon  data 
from  the  Personnel  Automated  Data  System  (PADS)  which  is  the  Navy's  central- 
ized civilian  personnel  accounting  system.  The  manpower  goals  are  obtained 
by  multiplying  the  initial  aboard  for  the  corresponding  categories  by  a 
proportionality  factor  determined  by  the  FYDP  numbers  for  the  appropriate 
years. 

In  order  to  eliminate  invalid  states (such  as  grade  10  scientists  and 
engineers)  and  to  increase  numerical  stability,  those  states  having  fewer 
than  three  people  initially  aboard  are  eliminated  from  consideration.  This 
accounts  for  the  absence  of  the  grade  17  category  from  the  DLP  reports  (there 
are  actually  two  grade  17  scientists  and  engineers) . The  relative  priority 
weights  used  in  these  tests  are  shown  in  Figure  6- 

In  Run  A,  the  goal  and  promotion  deviations  are  forced  to  zero  by  as- 
signing them  a high  relative  cost;  hiring  and  firing  is  allowed  to  occur  as 
needed.  This  results  in  a significant  amount  of  firing  in  the  middle  grades, 
particularly  in  grade  12.  If  the  excess  personnel  are  retained  rather  than 
fired  (Run  B) , the  manpower  ceiling  constraint  causes  deficiencies  in  the 
lower  grades  in  order  to  counterbalance  the  excesses  in  the  middle  grades. 

The  manpower  goals  can  all  be  met  without  firing,  provided  the  pro- 
motion rates  are  allowed  to  vary;  this  is  shown  in  Run  C.  In  this  case,  the 
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PROMOTION  PLANNING  MODEL 
DIRECTOR  OF  LABORATORY  PROGRAMS  (DLP)  EXAMPLE 
RELATIVE  PRIORITIES  (COSTS)  PER  PERSON 


SCIENTISTS  AND  ENGINEERS 
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Figure  7 (continued) 


PROMOTIONS  FROM  GRADE 


Figure  7 (continued) 


PROMOTIONS  FROM  GRADE 


Figure  8 (continued) 


number  of  promotions  is  substantially  reduced,  particularly  from  grade  11. 
Figure  7 shows  this  data  for  the  scientists  and  engineers  and  Figure  8 shows 
the  summary  data  by  grade. 

Conclusion 

Given  the  assumptions  on  which  the  PPM  is  based,  it  is  apparent  from 
running  the  model  for  the  NUSC  and  DLP  that  the  manpower  goals  as  given  can- 
not be  met  without  either  firing  the  excess  personnel  or  cutting  back  on  pro- 
motions. One  reason  is  that,  due  to  assumed  reductions  in  the  workforce 
requirements,  the  goals  and  ceilings  are  less  than  the  initial  population. 

A second  reason  is  that  the  promotion  rates  tend  to  decrease  with  grade  level, 
which  results  in  an  accumulation  of  personnel  at  the  middle  grades,  partic- 
ularly grades  11  and  12  of  the  professional  occupational  series. 

If  the  choice  is  between  reduction  in  promotions  and  firings,  the 
employees  affected  would  certainly  prefer  the  former.  Both  of  these  courses 
of  action,  or  even  the  threat  of  them,  will  tend  to  motivate  people  to  leave 
the  organization  on  their  own,  which  in  turn  reduces  or  even  the  threat  of 
them,  will  tend  to  motivate  people  to  leave  the  organization  on  their  own, 
which  in  turn  reduces  or  even  eliminates  the  need  to  actually  carry  out  these 
adverse  actions.  The  problem  with  this  tactic  is  that  it  is  the  most  competent 
people,  having  the  best  prospect  of  jobs  elsewhere,  who  will  be  most  likely 
to  leave.  Selective  promotion  of  the  most  qualified  people  is  perhaps  a way 
around  this  difficulty.  Such  a promotion  system  would  have  to  be  accomplished 
by  a promotion  board  concentrating  on  the  grade  levels  which  constitute  the 
long  term  cadres  of  personnel. 
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The  estimation  of  the  manpower  requirements  could  be  improved  through 

1/ 


the  use  of  a workload  planning  system.—  Such  a system  would  have  a list 
of  projects  to  be  completed  as  input.  It  would  compute  the  total  manpower 
resources  by  skill  category  needed  to  complete  those  projects.  Such  a 
project  is  now  underway  within  DLP  on  a prototype  basis.  The  promotion 
planning  model  tests  showed  the  PPM  to  be  a quite  useful  improvement  to  the 
recruiting  requirements  model.  The  tests  have  also  helped  to  open  the  way 
to  the  development  of  a comprehensive  workload  planning  system  for  the  naval 
laboratories. 


1/  See  fit  for  a initial  study  concerning  this  proposed  workload  planning 
system. 
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APPENDIX  A 


PROMOTION  PLANNING  MODEL  DESCRIPTION 

The  version  of  the  PPM  used  in  the  NUSC  and  DLP  studies  involves  the 
manpower  dynamics  alone.  The  manpower  systems  are  heavily  constrained 
by  personnel  ceilings  and  high  grade  controls  with  more  than  adequate 
funding  available  and  thus  the  budget  constraints  are  not  necessary.  The 
model  is  designed  to  provide  estimates  of  the  numbers  of  people  that  should 
be  hired,  fired,  or  promoted  consistent  with  future  manpower  requirements. 
The  objective  of  the  model  is  to  meet  the  manpower  requirements  as  closely 
as  possible  subject  to  the  constraints  on  the  manpower  system. 

The  structure  of  the  PPM  is  shown  in  Figure  9 which  is  a translation 
into  word  equations.  The  objective  of  the  PPM  as  indicated  above  is  to 
minimize  the  sum  of  the  costs  of  being  over  or  under  the  manpower  require- 
ments of  weighted  numbers  of  hires  and  fires,  and  of  weight  numbers  of 
transfers  to  effect  greater  than  historical  numbers  of  promotions /demotions . 
This  objective  is  subject  to  a number  of  constraints.  First,  the  number  at 
the  start  in  each  job  category  is  set  equal  to  the  initial  population.  The 
base  population  is  then  submitted  to  a matrix  of  movement  or  transition 
rates  which  distinguishes  probabilistically  between  those  staying  in  a 
particular  job  category,  those  being  promoted  at  the  historical  rate,  and 
those  leaving  the  organization.  The  result  of  this  is  the  numbers  in  each 
job  category  before  transfers  using  historical  rates  for  retention  and 
promotion.  To  these  numbers  for  each  job  category  is  added  the  hires 
(or  fires)  and  excess  transfers  in  (or  transfer)  deficiency  which  equals 
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the  number  at  the  next  time  period.  This  process  is  repeated  for  each  of 
the  periods  in  the  forecast.  Constraints  have  been  added  to  the  model  to 
ensure  that  the  number  of  transfers  for  flexible  (more  than  historical) 
promotions  or  demotions  is  less  than  or  equal  to  the  historical  retention 
in  each  job  category.  This  ensures  that  these  additional  transfers  are 
possible.  Constraints  are  also  set  for  each  time  period  for  the  total 
manpower  limitation  or  ceiling.  Here,  the  condition  is  set  that  the  sum 
of  the  number  in  each  job  category  in  a given  period  must  be  less  than  or 
equal  to  the  total  manpower  limitation  for  that  period. 

For  solution  purposes  the  PPM  is  transformed  into  the  linear  program- 
ming matrix  shown  in  Figure  10.  A linear  programming  matrix  generator  is 
used  to  develop  the  inputs  in  the  form  that  is  shown.  Upon  solution  a 
report  writer  is  used  to  develop  the  suitable  management  reports. 


LINEAR  PROGRAMMING  MATRIX  FOR  THE  PROMOTION  PLANNING  MODEL 


1 if  /grade  of  category  i / - /grade  of  category  jj  = 1 or  2 and  M..  - 0.001 
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ceiling  allocations,  the  allocation  and  control  of  high  grade  positions, 
average  grade  constraints,  promotion  restrictions,  and  hiring  freezes. 

In  an  attempt  to  deal  with  these  problems,  a promotion  policy  model 
(PPM)  has  been  developed  using  a version  of  the  Flexible  Equal  Employment 
Opportunity  Model  (FEEO)  of  Charnes,  Cooper,  Lewis,  and  Niehaus.  Two 
applications  of  the  PPM  are  presented,  one  using  the  graded  employees 
at  the  Naval  Underwater  Systems  Center  (NUSC)  and  the  other  using  the 
graded  personnel  of  the  Director  of  Laboratory  Programs  which  consists 
of  all  the  Navy  RDT&E,N  Laboratories  commanded  by  the  Chief  of  Naval 
Material.  The  results  of  the  model  runs  for  NUSC  and  DLP  indicate 
that  the  manpower  goals  as  given  cannot  be  met  without  cutting  back  on 
promotions.  The  specific  alternatives  along  with  the  magnitudes  of 
the  promotion  reductions  suggested  by  the  model  are  provided  in  the 
paper. 


